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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1 .17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1 .1 14, and the fee set 
forth in 37 CFR 1 .1 7(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on October 
14, 2003, has been entered. 



Comments 

2. The rejection of claims 31 and 42 under 35 U.S.C. § 1 12, first paragraph, has 
been withdrawn in light of Applicant's identification of support in the specification. 

3. The Examiner notes an apparent discrepancy in the art when describing the 
material zinc oxide. This apparent discrepancy arises in the description of the electrical 
conductivity/resistivity of zinc oxide and the terminology used in the description of the 
material in relation to its use on the particular application. All materials have some 
conductivity as well as some resistivity; conductivity and resistivity are inversely related 
to one another. As explained in The Science and Design of Engineering Materials, for 
ionic solids, "charge motion and, hence, electrical conduction often require movement of 
entire ions ... [and sjince such motion is comparatively difficult and slow, and the 
density of mobile ions is considerably less than the density of mobile electrons in 
metals, ionic solids are generally characterized as electrical insulators rather than 
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electrical conductors" (see The Science and Design of Engineering Materials, p. 41). 
As an ionic solid, the general definition of zinc oxide as an electrical insulator is 
consistent with the disclosure in the present application, which defines zinc oxide as a 
dielectric by itself (see page 2 of the present disclosure). However, zinc oxide, even 
though it is known in the art as a dielectric, still maintains at least some conductivity. 
Conductivity and resistivity lie at opposite ends of a spectrum. Data found in the Kirk- 
Othmer Encyclopedia of Chemical Technology and in the article "Properties of 
Piezoelectric Thin Films for Micromechanical Devices and Systems" elucidates the 
teachings in The Science and Design of Engineering Materials. Copper, which is well 
known to be a very good conductor, still has a resistivity of 16.7x1 0" 9 Q- m . Zinc oxide, a 
dielectric material, has a resistivity of 2.5x1 0 6 to 1.0x10 7 D m. As taught by Chen et al. 
(U.S. Pat. No. 5,078,804), however, even though zinc oxide is a known as a dielectric, it 
is also capable of conducting electricity. In the solar cell of Chen et al., both a high 
resistivity and a low resistivity zinc oxide layer are formed within the device, each of the 
layers made only of zinc oxide, i.e., no dopants are required to lower the resistivity of 
the zinc oxide (see US '804 col. 4, line 62 to col. 5, line 8). This teaching is also 
consistent with the teachings in the references of Weber et al. (U.S. Pat. No. 4,940,495) 
and Berman et al. (U.S. Pat. No. 4,663,495). Weber et al. teach that the zinc oxide 
layer is "optionally doped" (see US 4,940,495 at col. 3, lines 66-68). Similarly, Berman 
et al. teach, "Electrical conductivity of ZnO for this purpose can be enhanced by addition 
of group III elements or hydrogen" (emphasis added by Examiner; see US 4,663,495 at 
col. 9, lines 33-35). Therefore, even though zinc oxide is capable of conducting at least 
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some electricity, undoped zinc oxide is considered to be a dielectric material as defined 
by the present disclosure and as supported by the references relied upon above. 

Claim Objections 

4. Claims 16, 18, 19, 23, 26, 27, 29, 34, 37, 38 and 41 are objected to because of 

the following informalities: 

a. Claims 16,18,19, 23, 26, 27, 29, 34, 36-38 and 41 use inconsistent claim 
language. The "first refractive dielectric" layer recited in the independent 
claims is referred to as either the "first refractive layer" or "the first 
dielectric layer in the dependent claims. It is suggested that consistent 
language be used to describe the features. The term "first refractive 
dielectric" is preferred due to the presence of other limitations reciting only 
refractive layers. 
Appropriate correction is required. 

Claim Rejections - 35 USC §112 

5. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. distinctly 

6. Claims 16, 18, 24, 25, and 36 are rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which applicant regards as the invention. 
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Claim 16 recites the limitation "said at least one first dielectric layer" in line 2. 
There is insufficient antecedent basis for this limitation in the claim. It is suggested that 
the phrase be changed to -said one or more first refractive dielectric layer--. 

Claims 18, 25, and 36 recite limitations relating to the window electrode. In each 
of the independent claims, the window electrode is defined as comprising at least a 
metallic layer and an antireflective layer. However, in claims 18, 25, and 36, the window 
layer is defined as containing a different succession of layers, which does not include 
the antireflective layer. Therefore, the structure of the window electrode is indefinite. 

Claim 24 recites is indefinite because the relationship between the window 
electrode, metallic layer and antireflective layer is not clear. As recited in the claim, the 
metallic layer and antireflective layer are not part of the window electrode. It is 
suggested that claim language similar to claim 15 be used to describe the window layer, 
e.g., change "with" to -said window electrode comprising- in line 4. 

Claim Rejections - 35 USC § 102 

7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

use or on sale in this c'ountny, more than one yea" ^^^^^^"p^^^ 

8. Claims 15, 17, 20, 22, 24, 25, and 45 are rejected under 35 U.S.C. 102(b) as 
being anticipated by Kanai et al. (U.S. Pat. No. 5,220,181), with supporting evidence 
provided by Tyan (U.S. Pat. No. 4,207,119). 
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Regarding claims 15, 24, and 45, Kanai et al. disclose a solar cell comprising an 
absorber layer 103, a transparent metallic layer 105 and an antireflective coating 106, 
wherein an insulating layer 104 is placed between the absorber layer 103 and the 
metallic layer 105 (fig. 1(A); col, 23, lines 38-47; col. 25, lines 19-23). 

Regarding claim 1 7, the metallic layer 105 can be made of silver and the 
antireflective layer 106 can be made of a refractive oxide, such as indium tin oxide (col. 
25, lines 16-18; col. 29, line 25 to col. 30, line 65). 

Regarding claim 20, the insulating layer 104 can be made of Si 3 N 4 (col. 30, lines 

53-65). 

Regarding claim 22, in one example, the metallic layer 105 has a thickness of 
30A (3 nm), and the antireflective layer 106 has a thickness of 15A (1.5 nm), for a total 
thickness of 45A (4.5 nm) (col. 30, lines 53-65). 

Regarding claim 25, the metallic layer 105 is formed between the refractive 
dielectric, insulating layer 104 and the refractive, antireflective layer 106 (fig. 1(A)). 

It is noted that the metallic layer and the antireflective coating is not disclosed as 
a window electrode, as recited in claims 15, 24, and 45 of the instant invention. Kanai 
et al. disclose the use of a transparent metallic layer 105 that acts as an electrode in 
conducting the current out of the solar cell (fig. 1(A)). Tyan discloses the use of 
transparent electrodes as "window electrodes" because they are able to transmit light 
(col. 5, lines 38-47). Therefore, the metallic layer 105 of Kanai et al. would be a window 
electrode. (The collector electrode 107 disclosed by Kanai et al., which is used to 
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reduce the resistance of the metallic layer, is similar to the solder connection 26 used b; 
Tyan.) 

Since the use of the solar cell of Kanai et al. requires the construction of the sola, 
cell, the limitations recited in the method claims, e.g., providing and forming the layers, 
is anticipated by the solar cell of Kanai et al. 



Claim Rejections - 35 USC § 103 

9. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

10. Claims 15-20, 22, 24-26, 28, 32, and 45 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Weber et al. (U.S. Pat. No. 4,940,495) in view of Chen et al. 
(U.S. Pat. No. 5,078,804). 

Regarding claims 15, 18, 24-26, and 45, Weber et al. disclose a light transmitting 
electrically conductive stacked film for use in solar cells. The stacked film 18 comprises 
a first conductive oxide layer 22 and a second conductive oxide layer 24, with a metallic 
film layer 26 interposed between the layers (col. 2, lines 56-66). An optional 
encapsulant layer 20 maintains a reduced reflection and increased transmission of the 
solar cell (col. 3, lines 53-55). 

Regarding claims 16, 17, and 20, the conductive oxide layers 22 and 24 are 
preferably made of ZnO, Sn0 2 or Ti0 2 , and have a high index of refraction (col. 3, line 
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56 to col. 4, line 1). The layer of ZnO must exhibit at least some conductivity and is only 
optionally doped with other materials (col. 3, lines 56-68). The metal layer 26 is 
preferably made of silver (col. 4, lines 16-25). 

Regarding claim 19, Weber et al. disclose the benefits additional layers to create 
"an even more efficient top conductive contact", wherein "the multiples of stacked films 
which may be employed are limited primarily by absorption in the silver and oxide films" 
(col. 7, lines 8-10 and lines 53-55). 

Regarding claim 22, in Example 2, Weber et al. disclose a window electrode 
having a silver layer with a thickness of 8 nm, and a total thickness of 93 nm (col. 6, 
lines 56-63). 

The solar cell of Weber et al. differs from the instant invention because Weber et 
al. do not disclose the following: 

a. An antireflective layer on the light-incident side of the window electrode, 
as recited in claims 15, 24 and 45. 

b. The antireflective layer is a refractive oxide or nitride layer, as recited in 
claim 17. 

c. The window electrode comprises a first refractive layer, a first metallic 
layer, a second refractive layer, a second metallic layer, and an 
antireflective layer formed in succession, as recited in claim 19. 

d. The absorber is a chalcopyrite layer, as recited in claim 28. 

e. The absorber layer has a CIS structure, as recited in claim 32. 
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Regarding claims 15, 17, 28, and 32, Chen etal. disclose the use of an 
antireflective layer 70 made of silicon nitride and silicon oxide on a solar cell containing 
a window electrode comprising layers of conductive and refractive zinc oxide layers 50 
and metallic layers 60 (fig. 1 and 2). Chen et al. further disclose the use of a CIGS solar 
cell, a quaternary analog to CIS solar cells (col. 1 , lines 53-56). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Weber et al. to use an antireflective 
coating, as taught by Chen et al., because using an antireflective coating increases the 
amount of sunlight that reaches the semiconductor layer, which increases the 
photoelectric conversion efficiency. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Weber et al. to use a CIS based 
solar cell, as taught by Chen et al., because CIS and CIGS solar cells have a higher 
efficiency than silicon solar cells. 

Regarding claim 19, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the device of Weber et al. to 
use a second metallic layer between the second refractive layer and the antireflective 
layer because Weber et al. teach that the use of multiple metallic layers result in a more 
efficient top conductive contact (col. 7, lines 8-10). 
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The method of making the solar cell having the limitations described above is 
inherent because the use of the solar cell requires the limitations recited in the method 
claims of providing and forming different layers. 

1 1 . Claims 15-22, 24-27, 29-31 , 33-40, 42, 44, and 45 are rejected under 35 U.S.C. 
103(a) as being unpatentable over Berman et al. (U.S. Pat. No. 4,663,495) in view of 
Arimoto (U.S. Pat. No. 6,071,753). 

Regarding claims 15, 24, 33 and 45, Berman et al. disclose a thin-film solar cell 
10 comprising an absorber layer 12 and a transparent window electrode layer 14 having 
a metallic layer and an oxide layer formed between the absorber layer and the metallic 
layer (col. 3, lines 49-63; col. 9, lines 20-35). 

Regarding claims 16-18, 20, 21 , 25-27, 34-36, 38 and 39, both the front electrode 
14 and a rear electrode 16 comprise a stack structure formed by a pair of ZnO layers on 
either side of a silver layer (col. 9, lines 20-35). Although the ZnO layer is conductive, 
Berman et al. discloses, "Electrical conductivity of ZnO for this purpose can be 
enhanced by addition of group III elements or hydrogen" (col. 9, lines 31-35; emphasis 
added by Examiner). 

Regarding claims 1 9 and 37, Berman et al. disclose that a stacked structure 132 
of metallic layer 134 and a metallic oxide layer 136 "may be repeated a number of 
times to increase conductivity" (col. 10, lines 16-17). 
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Regarding claims 22, 29, 30, 33, 40 and 44, the ZnO layers have a thickness 

ranging from 400-1000 angstroms (40-100 nm) and the silver layer has a thickness of 

50-200 angstroms (5-20 nm) (col. 9, lines 20-35). 

The solar cell of Berman et al. differs from the instant invention because Berman 

et al. do not disclose the use of an antireflective layer, as recited in claims 1 5, 24, 31 , 

33, 42 and 45. 

Antireflective layers are commonly used to increase the amount of light absorbed 
by solar cells to increase the overall conversion efficiency. Arimoto discloses a solar 
cell using an antireflective layer comprised of a nitride or oxide film and having a 
thickness in the range of several hundred to 1000 angstroms (col. 8, line 65 to col. 9, 
line 3). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the solar cell of Berman et al. to use an 
antireflective layer as taught by Arimoto because an antireflective coating would 
increase the conversion efficiency of the solar cell. 

The overall thickness of the window electrode would be less than 120 nm using 
the combination of Berman et al. and Arimoto. 

Regarding claims 31 and 42, using silicon nitride as taught by Arimoto would 
provide a structure comprising a layer of nitride covering an oxide layer, as recited in the 
instant claims. 
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The method for making the solar cell is inherently taught by Berman et al. and 
Arimoto because the only way to produce a solar cell having the taught structure would 
be through the use of the claimed method. 

12. Claims 21 and 27 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Weber et al. (U.S. Pat. No. 4,940,495) in view of Chen et al. (U.S. Pat. No. 
5,078,804), as applied above to claims 15-20, 22, 24-26, 28, 32, and 45, and further in 
view of Nath et al. (U.S. Pat. No. 5,1 76,758). 

Weber et al. and Chen et al. describe a solar cell and method for making the 
solar cell having the limitations recited in claims 15-20, 22, 24-26, 28, 32, and 45 of the 
instant invention, as explained above in section 10. 

The apparatus and method described by Weber et al. and Chen et al. differ from 
the instant invention because they do not disclose the formation of a second electrode 
comprising at leas one metallic layer and one refractive layer. 

Nath et al. disclose a light-transmissive solar cell comprising transparent 
electrodes on both sides of the device (col. 2, lines 3-11). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device described by Weber et al. and Chen et 
al. to use a second transparent electrode similar to the first transparent electrode 
because Nath et al. teaches the formation of transparent electrodes on both sides of a 
solar cell, yielding a device which can absorb light from both sides of the solar cell or 
transmit light through the cell. 



Application/Control Number: 09/890,864 
Art Unit: 1753 



Page 13 



13. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Weber 
et al. (U.S. Pat. No. 4,940,495) in view of Chen et al. (U.S. Pat. No. 5,078,804), as 
applied above to claims 15-20, 22, 24-26, 28, 32, and 45, and further in view of 
Yamazaki (U.S. Pat. No. Re. 33,208). 

Weber et al. and Chen et al. describe a solar cell and method for making the 
solar cell having the limitations recited in claims 15-20, 22, 24-26, 28, 32, and 45 of the 
instant invention, as explained above in section 10. 

The apparatus and method described by Weber et al. and Chen et al. differ from 
the instant invention because they do not disclose a blocking layer between the metallic 
layer and the refractive layer. 

Yamazaki discloses the use of a blocking layer as a means for preventing 
impurities from entering the active regions of the solar cell (col. 4, line 18). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device described by Weber et al. and Chen et 
al. to use a blocking layer, as taught by Yamazaki, because using a blocking layer 
would prevent impurities from reaching the active regions of the solar cell. 

14. Claims 23 and 41 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Berman et al. (U.S. Pat. No. 4,663,495) in view of Arimoto (U.S. Pat. No. 
6,071,753), as applied above to claims 15-22, 24-27, 29-31, 33-40, 42, 44, and 45, and 
further in view of Yamazaki (U.S. Pat. No. Re. 33,208). 
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Berman et al. and Arimoto describe a solar cell having the limitations recited in 
claims 15-22, 24-27, 29-31, 33-40, 42, 44, and 45 of the instant invention, as explained 
above In section 1 1 . 

The solar cell described by Berman et al. and Arimoto differs from the instant 
invention because they do not disclose the device comprising a blocking layer between 
the metallic layer and the refractive layer. 

Yamazaki discloses the use of a blocking layer as a means for preventing 
impurities from entering the active regions of the solar cell (col. 4, line 1 8). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device described by Berman et al. and 
Arimoto to use a blocking layer, as taught by Yamazaki, because using a blocking layer 
would prevent impurities from reaching the active regions of the solar cell. 

15. Claims 28, 32 and 43 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Berman et al. (U.S. Pat. No. 4,663,495) in view of Arimoto (U.S. Pat. No. 
6,071,753), as applied above to claims 15-22, 24-27, 29-31, 33-40, 42, 44, and 45, and 
further in view of Chen et al. (U.S. Pat. No. 5,078,804). 

Berman et al. and Arimoto describe a solar cell having the limitations recited in 
claims 15-22, 24-27, 29-31, 33-40, 42, 44, and 45 of the instant invention, as explained 
above in section 1 1 . Berman et al. also disclose that the solar cell "may contain any 
suitable photovoltaic material defining a photojunction for conversion of light to electrical 
energy" (col. 6, lines 50-52). Silicon is disclosed as a specific example 
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The solar cell described by Berman et al. and Arimoto differs from the instant 
invention because they do not disclose the absorber comprising a chalcopyrite, as 
recited in claim 28, or forming the absorber of a CIS structure, as recited in claims 32 
and 43. 

Chen et al. disclose the use of an antireflective layer 70 on a solar cell containing 
a window electrode comprising layers of conductive and refractive zinc oxide layers 50 
and metallic layers 60 (fig. 1 and 2). Chen et al. further disclose the use of a CIGS solar 
cell, a quaternary analog to CIS solar cells (col. 1 , lines 53-56). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the solar cell described by Berman et al. and 
Arimoto to use a CIS based solar cell, as taught by Chen et al., because CIS and CIGS 
solar cells have a higher efficiency than silicon solar cells and are suitable materials for 
forming photojunctions. 

Response to Arguments 

16. Applicant's arguments filed October 14, 2003, have been fully considered but 
they are not persuasive. 

1 7. Regarding the rejection of the claims using the reference of Weber et al., 
Applicant argues that the zinc oxide layer 22 use in the solar cell of Weber et al. would 
have to be doped to be conductive (see page 8 of Applicant's response). As explained 
above under the heading "Comments", zinc oxide does not need to be doped to be 
conductive. Zinc oxide by itself is capable of conducting at least some electricity. 
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Weber et al. teach that the layer 22 must "exhibit at least some electrical conductivity" 
and that the ZnO layer is "optionally doped" (see col. 3, lines 56-68). Since undoped 
zinc oxide has been defined as a dielectric, the zinc oxide layer of Weber et al. satisfies 
all of the limitations recited in the claims. In addition, while Weber et al. might prefer the 
use of doped oxide layers, the undoped zinc oxide layer is still taught by Weber et al. 
(See MPEP § 2123 - "A known or obvious composition does not become patentable 
simply because it has been described as somewhat inferior to some other product for 
the same use." In re Gurley, 27 F.3d 551 , 554, 31 USPQ2d 1 130, 1 132 (Fed. Cir. 
1994).) 

1 8. Regarding Applicant's argument on pages 8-9 that the claimed invention is 
distinguished because it may include two dielectric layers, it is noted that a single 
dielectric layer still anticipates the limitation. The language "one or more" does not 
exclude the teaching of a single layer. 

1 9. Regarding the use of the Berman et al. reference, Applicant argues that there 
would be no motivation to use combine the Berman et al. reference because it teaches 
that the zinc oxide must be electrically conductive (see page 9 of Applicant's response). 
As explained above with respect to the use of the Weber et al. reference, undoped zinc 
oxide has been defined as a dielectric material. Like Weber et al., Berman et al. teach 
that the conductivity of the zinc oxide layer "can be enhanced" with dopants (see col. 9, 
lines 31-35). Therefore, Berman et al. teach that the zinc oxide can be enhanced by 
doping but it does not have to be enhanced by doping. 
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20. Regarding Applicant's statements pertaining to the dimensions of the layers (see 
page 9 of Applicant's response), Berman et al. as well as Kanai et al. teach the use of 
layers having dimensions within the claimed ranges. 

21 . Regarding Applicant's statements about new claim 45, Weber et al., Berman et 
al., and Kanai et al. teach the use of a single dielectric layer positioned between the 
absorber and the metallic layer. 



22. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Brian L. Mutschler whose telephone number is (571) 
272-1341 . The examiner can normally be reached on Monday-Friday from 7:30am to 
4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on (571) 272-1342. The fax phone number 
for the organization where this application or proceeding is assigned is (703) 872-9306. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 
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